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Pasteurella haemolytica Type A-l 
Bacteriii'Tozoid Vacscane 

15 Field of the Invention 

This invention relates to the field of PasteureUa haemolytica 
vacdnes. More particularly, the invention relates to a bacterin-toxoid 
vacdne capable of inducing immunity in bovine species in one dose against 
PasteureUa haemolytica Type A-1 infections comprising Pasteurella 

20 haemolytica derived leukotoxoid. capsular antigen, soluble antigens and 
inactivated cells, methods to make the vaccine and methods of vaccinating 
bovine animals. 

Cross-Reference to Related Application 

25 This application is a continuation-in-part of U.S.S.N. 

07/878,146 ffled May 4. 1992 which is a continuation-in-part U.S.S.N. 
07/869,934 filed April 16, 1992 which is a continuation-in-part of U.S.S.N 
07/860,377 filed 30 March 1992. 

30 Background of the Invention 

Approximately 40% to 80% of all diseases of cattle involve the 
respiratory system (lillie LE: 'The bovine respiratory disease complex. " 
Can Vet J 15:233-242, 1974). Bovine respiratory disease complex (BRDC) is 
a major problem in the U.S. cattle industry'. BRDC consists of several 
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clinical syndromes, the two most coxmnozi being shipping fever of feedlot 
cattle and enzootic calf pneumonia usually seen in dairy calves. While it is 
now recognized that numerous viruses, stressful management practices, 
and environmental factors are important in the genesis of shipping fever, P. 

5 haemolytica biotype A. serotype 1 (Type A-1) is the tnatti bacterial agent 
responsible for the clinical disease and pathophysiologic events leading to 
acute fibrinous lobar pleuropneumonia and subsequent death (Yates WDG: 
"A review of infectious bovine rhinotracheitis, shipping fever pneumonia 
and viral-bacterial synergism in respiratory disease of cattle." Can J Comp 

10 iliecf 46:225-263, 1982). 

In a two year study conducted in Saskatchewan, Canada, P. 
haemolytica Type A-1 was isolated from the lungs of 74% of cattle that died 
of shipping fever pneumonia (Schiefer B. Ward GE, Mofiatt RE: 
"Correlation of microbiological and histological findings in bovine fibrinous 

15 pneumonia." Vet Pathol 15:313.321,. 1978). Annual progress reports during 
the five year period 1987 to 1991 from the Department of Veterinary 
Science at South Dakota State University (South Dakota State Universi^. 
Department of Veterinary Science, Animal Disease Research and Diagnostic 
Laboratory: Annual Progress R^rts 1987-1991. Submitted to the NC107 
20 Technical Committee on Bovine Respiratory Disease.) revealed that P. 
haemolytica Type A-1 was isolated from 48.7% of bovine pneumonic lungs. 
Thus, it appears to be the major bacterial agent causing pneumonia in 
cattle. 

P. haemolytica serotype Type A-1 is the pathogen responsible for the 
25 fibrinous necrotizing lobar pleuropneumonia seen in shipping fever and 
purulent bronchopneumonia associated with enzootic calf pnemnonia. 
Interestingly, other P. haemolytica seroiypes (frequently ST2 and ST4 and 
occasionally ST7 and STll) are innocuous inhabitants in ntiany areas of the 
nasal cavity or upper respiratory tract (URT) of clinically normal feedlot 
30 cattle (FVank GH: "When Pasteurella haemolytica colonizes the nasal 
passages of cattle." Vet Med 83:1060-1064, 1988 and Wilkie BN. Shewen 
PE: "Defining the role that Pasteurella haemolytica plays in shipping 
fever/' Vet Med 83:1053-1058, 1988). In clinically normal dairy calves. P. 
muUocida may predominate in the URT flora, in which various serotypes of 
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P. haemolytica can also be found. In contrast, P. haemolytica Type A-1 is 
barely detectable in the URT of feedlot and dairy calves (Frank GH: supra 
(1988) and WOkie BN, Shewen PE: supra (1988)). 

Exposure of calves to stress factors such as viral infection, marketing, 
5 shipping, processing at feedlots. and abrupt changes in climate leads to an 
explosive growth and colonization by P. haemolytica Type A-1 in all areas of 
the URT (Frank GH: supra (1988) and VTilkie BN, Shewen PE: supra 
(1988)). No other serotype of P. haemolytica is known to exhibit this type of 
increase. In shipping fever pneumonia, colonization of the URT with P. 
haemolytica Type A-1 is an important prerequisite to the development of 
the clinical disease and the ensuing fibrinous necrotizing lobar 
pleuropneumonia. Id. 

In spite of its potential importance in the pathogenesis of the 
pneumonia, the mechanism of colonization that facilitates the explosive 
proliferation of P. haemolytica Type A-l in the URT is poorly understood. It 
is nevertheless apparent that these organisms enter the lung via aspiration 
of droplet nuclei, colonized desquamated epitheUal cells, or pharyngeal 
secretions. At the University of Minnesota (Whiteley LO, et al: 
"PasteureUa haemolytica and bovine respiratory disease: Current thoughts 
on its pathogenesis." Vet Int Med 6:1-12. 1992). large numbers of rapidly 
growing bacteria entering the alveolar spaces were found to interact with 
alveolar macrophages. The endotoxin released firom the bacteria crosses the 
alveolar waU and activates the pulmonary intravascular macrophages, 
endotheUum. neutrophils, platelets, complement, and Hageman factor 
25 leading to complex interactions of ceUs and inflammatory mediators. 
Progression of this inflammatory response with neutrophil influx is 
responsible for the acute lung injury that is associated with the disease. 
Leukotoxin, one of the major virulence factors of P. haemolytica, may enable 
the bacteria to survive by destroying phagocytic cells and impairing lung 
30 clearance mechanisms. Id. 

Prevention of pneumonic pasteurellosis has been attempted in the 
past by the use of kiHed bacterins of P. haemolytica. However, it has been 
demonstrated that vaccination with bacterins may enhance the 
development of fibrinous pneumonia after challenge exposure. (Sanfcrd. 
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S:E., "Some Hespiratory and Enteric Diseases of Cattle: An Update" Mod 
Vet Prac, 65(4): 265-268 (1984)). Immumzation with Kve vacdnes have 
been generaUy unsuccessfiil because of the low antigenicity of P. 
haemolytica and rapid inactivation by the healthy animal. (Hen^. C.W., 
5 "Shipping fever pneumonia: a new look at an old enemy" Vet'erinai^ 
Medicine, 1200-1206 September (1984)). 

More recently, attempts to develop a PoisteureUa haemolytica vaccine 
have focused on the P. haemolytica leukotoan. In a study to detennine the 
mteraction of P. haemolytica with bovine neutrophils, results demonstrated 
10 that optimal cytotoadn production occurred during the logarithmic phase of 
bacterial growth for P. haemolytica that was grown in a standard tissue 
culture medium. (Baluyut, C.S.. et al. "Interaction of Pasteurella 
haemolytica with Bovine Neutrophils: Identification and Partial 
Characterization of a Cytotoxin". An J Vet Res, Vol. 42, No. 11, pages 1920- 
15 1926 (1982)). The authors concluded that "...isMce this toxin affected the 
phagocytic cells, it was considered to be a virulence factor." Id, at na^e 
1925; 

V.S. patent 4,957.739 teaches a vaccine containing a purified P 
haemolytica antigen, such as a leukotoxin component, where the antigen is 

20 purified fi»m a ceU-free supernatant or obtained by recombinant DNA 
technology. WO 91A5237 discloses a vaccine composition containing at 
least one immunogenic polypeptide fi^m the group of P. haemolytica 
fimbrial protein, plasmin receptor protein, a 50K outer membrane protein 
and leukotoxin. U.S. 5,055,400 discloses DNA encoding P. haemolytica A-1 

25 leukotoxin which is used to produce recombinant protein for the preparation 
of vaccines. U.S. 5.055.400 refers to the protective capability of cytotoxic 
supemate from. P. haemolytica and dtes U.S. Serial Number 821.197 filed 
27 January 1986 now U.S. 5,165,924 as an example of such a vaccine. 

Vaccination of calves with bacteria-free cytotoxic culture supernatant 

JO from P. haemolytica Type A-1 induced resistance to experimental challenge 
(Shewen. P.E., et al. "Immuniiy to Pasteurella haemolytica Serotype 1 " In 
Proceedings of the North American Symposium on Bovine Respirator^' 
Disease (R.W. Loan. ed.). Texas A & M University Press. College Station 
Tex, pp 480-481 (1984)). A cell-free vaccine containing leukotoxin and 
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serotype spednc surface antigens (Presponae® PasteureUa haemoiytica 
toxoid: American Cyanamid Co.. Wayne. N.J.) was shown to be efficacious 
m preventing pneumonia in calves vaccinated twice followed by 
intratracheal challenge with live P. haemolvtica. (Bechtol. D T et al 
Field Trial of a PasteureUa haemoiytica Toxoid Administered at Spring 
Branding and in the Feedlot" Agri-Practice, Vol. 12. No. 2. pp6-14 
(March/April 1991)). pf-o 

There remains a need in the art for improved PasteureUa haemoiytica 
vaccmes. such as a vaccine that confers active immunity in a single dose 
10 thereby eliminating the requirement of costly repeat administration and a 
vaccme that offers the convenience of being administered subcutaneously or 
intramuscularly. 

Summary of the Invention 

>5 There is provided by the invention a novel bacterin-toxoid vaccine 

capable of inducing immunity in bovine species in one dose against 
PasteureUa haemoiytica Type A-1 infection comprising a therapeutically 
effective amount of PasteureUa haemoiytica Type A-l leukotoxoid, capsular 
antigen, soluble antigens and inactivated ceUs. 

20 Ttere is further provided by the invention a novel method of making 

a bactenn^toxoid vaccine capable of inducing immunity in bovine species in 
one dose against PasteureUa haemoiytica Type A-1 infection comprising a 
therapeutically effective amount of PasteureUa haemoiytica Type A-1 
leukotoxoid. capsular antigen, soluble antigens and inactivated cells 

- compnsmg the steps of: cultuiing PasteureUa haemolvtica Type A-1 for a 
time sufficient for said P. haemoiytica to reach the late logarithmic phase of 
growth; inactivating the P. /Micmo/ytica culture: harvesting the culture 
fluids comprising the leukotoxoid. capsular antigen, soluble antigens and 
inactivated P. haemoiytica cells. Also provided by the invention is the 
30 vacane produced thereby. 

Further provided by the invention is a novel method of vacdnaring 
bovine animals comprising administering to said animals a bacterin-toxoid 
vaccine of this invention 
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Further provided by the invenrioxi is a novel biologically pure culture 
of Pasteurella haemolytica having all the identiiying characteristics of 
ATCCNo. 55318. 

5 Detailed Description of the Invention 

As used herein, the term "leukotoxin" refers to a soluble toxin 
produced by actively growing PasteureUa haemolytica as taught in the 
literature. See e.g. U.S. patent 5,055.400; Canadian patent appUcation 
91000097 and Gentry et al.. "Neutralizing monoclonal antibodies to P. 

10 haemolytica leukotoxin afiBnity-purify the tcnrin from crude culture 
supematanta" Microbial Pathogenesis, 10: 411-417 (1991), the disclosures of 
which are incorporated by reference as if fully set forth herein. 
"Leukotoxoid" is the term used to describe inactivated leukotoxin. 
Leukotoxin is alternately referred to in the literature by other identifiers as 

I S exotoxin or zootoxin. 

What is meant by "capsular antigen" as used herein refers to a 
soluble capsular polysaccharide from P. haemolytica as described in the 
Kterature. See e.g. Inzana. TJ., "Capsulea and Virulence in the HAP Group 
of Bacteria" Can J of Vet Research, 54:S22-S27 (1990); and Adiam et al.. 

iO "Purification, characterization and immunological properties of the 
serotg^pe-spedfic capsular polysacefaaride of PasteureUa haemolytica 
(serotype Al) organisms" J Gen Microbiol 130:2415-2426 (1984), the 
disclosures of which are incorporated by reference as if fully set forth 
herein. 

What is meant by "soluble antigen" as used herein refers to soluble 
antigens shed during growth of P. haemolytica other than leukotoxin and 
capsular antigen such as glycoprotease and neuramindase. See e.g. Heggie 
et al. "Molecular Studies of Ssal, a Serotype-Spedfic Antigen of PasteureUa 
haemolytica Al", Infection and Immunity, Vol. 59 No.lO 3398-3406 (1991). 
'0 In one aspect, this invention provides a Pasteurella haemolytica Type 

A-1 baccerin-toxoid vaccine capable of inducing immunity in bovine species 
in one dose comprising a therapeutically effective amount of leukotoxoid. 
capsular antigen, soluble antigens and inactivated PasteureUa haemolytica 
Type A-1. The Pasteurella haemolytica Type A-1 suitable for use in this 



invention is believed to be any Type A-l that is not attenuated. The 
preferred strain is presently ATCC No. 55318. 

The vaccine of this invention can be generally prepared by growing 
Pasteurella haemolytica Type A-l for optimal leukotoxin production 
preferably in a protein fortified cell culture medium, and harvesting the 
culture fluids during the logarithmic phase. 

One of the preferred techniques for preparing the vaccine of the 
invention is a novel method of making a bacterin-toxoid vaccine capable of 
mdudng immunity in bovine species in one dose against Pasteurella 
haemolytica Type A-l infection comprising a therapeutically effective 
amount of PasteureUa haemolytica derived leukotoxoid, capsular antigen 
soluble antigens and inactivated cells. The method comprises cuituring 
PasteureUa haemolytica Type A-l for a time sufficient for said PasteureUa 
haemolytica to reach the late logarithmic phase of growth. 

Standard culture medium suitable for use in the invention is a cell 
culture medium that is fortified with protein and may be selected by one 
skilled in the art. One example is RPMI.1640 generally fortified with 3% 
heat inactivated bovine calf serum, 1% tryptose and 0.1% Tween 80 
(polysorbate firom Sigma. St. Louis, MO) or the like. Growth can be 
stimulated by the addition of carbohydrates such as glucose to the medium. 

The bacteria are grown in the medium fi-om inoculation to the log 
phase of growth. For optimum leukotoxin production, the late log phase of 
growth is preferred. This is generally in the range of 2.5 to 6 hours 
following inoculation of tiie medium witii the bacteria and can be accurately 
determined by the relationship of optical density to time as is known in the 
art. 

While growth is in the late log phase, an inactivating agent is added 
to tiie culture fluids. Preferably, tiie inactivating agent is a fixative, such as 
formalin (formaldehyde solution USP). which is usually used at a relatively 
low concentration of about 0.1 to about 0.5% v/v. 

The culture fluids comprising the leukotoxoid. capsular antigen, 
soluble antigens and inactivated Pasteurella haemolytica cells are then 
harvested by standard techniques known to those in the art such as 
centtifiigation. It is important tiiat the supernatant not be cell-free. thus. 
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metnoos of harvestizig such as filtration which would remove all cells are 
not within the scope of this invention. The majority of bacteria are removed 
by centrifugaticm of the cells to a dense, concentrated aqueous suspension. 
Centrifugation preferably occurs at a force of about 10,000 xg. The methods 
5 and conditions to remove the majority of the cells firom the culture are 
within the skill of the art. 

The order of inactivatton and harvesting in the method of this 
invention is not believed critical. Presently, it is preferred to inactivate 
prior to harvesting. 

10 The supernatant is collected and contains firom about 103 to about 

108 cells/ml of supernatant measured prior to inactivalion. The number of 
cells is difficult to measure and can vary substantially fi-om batch to batch. 
The lower limit is governed by the necessity of having some cells in the 
vacdne to assist in providing^ the immunity conferred by the vaccine of the 

15 invention. The upper limit is governed to avoid possible hypersexisitization 
of animals to vaccination. Levels of up to 106 cells/ml have been 
demonstrated prior to inactivafion in the supernatant. 

The supeiioatant produced by this method and used for the vaccine of 
the invention is a leukotoxoid rich preparation also comprising capsular 

20 antigen, soluble antigens and inactivated PasteureUa haemolytica Type A-1 
cells and cellular debris. 

The vaccine of the invention as stated is the culture supernatant 
which may or may not be concentrated or diluted. 

Still other preferred vacdne compositions of this invention result 

25 from combining the vaccine of this invention with other vaccinal agents, 
particularly antigens of other BKDC pathogens. An illustrative example is 
a vaccine composition formed by the combination of nwtigens from 
PasteureUa multocida, Haemophilus somnus. Clostridial species, 
Mycoplasma species. Bovine Respiratory Syncytial Virus, Bovine Viral 

30 Diarrhea Virus, Bovine Parainfluenza Type 3 virus. 

Vaccines of the invention may be prepared as pharmaceutical 
compositions containing a therapeutically effective amount of the 
supernatant as the active ingredient in a nontoxic and sterile 
pharmaceutically acceptable carrier. A preferred embodiment of the vaccine 
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of the invention is where the vaccine is in freeze-dried form and 
reconstituted with at least one adjuvant just prior to use. Such a vaccine is 
preferred as it provides increased stability and reduced free endotoxin, 
which reduces post-vacdnal systemic reactions. Such adjuvants include, 
among others, a mineral oil and lecithin emulsion fAmphigen®.Hydronics 
Inc.] as taught in U.S. patent No. 5.084.269 or other dispersed oils, 
aluminum hydroxide, muramyl dipeptide. and saponins, such as Quil A. 
The disclosure of U.S. patent No. 5.084.269 is incorporated by reference as 
if fully set forth herein. 

According to the present invention, preferably a pharmaceutical 
preparation provides a unit dose of between 0.5 and 3 mL. and more 
preferably approximately 2 mL of a sterile preparation of an immunogenic 
amoimt of the active ingredients and carrier. 

For purposes of this invention, a therapeutically effective amount of 
vaccine is that amount which induces immunity in bovine species against P 
haemolytica Type A-1 infection in one dose. More specifically, this amount 
can be readily determined by testing a variety of vaccine preparations made 
m accordance with this invention in cattle and selecting the vaccine 
preparation that induced immunity in one dose in a statistically significant 
number of cattle when chaUenged with P. haemolytica. A vaccine induced 
immunity can be measured by resistance to experimental challenge 
reflected by decreased or absence of mortality, absence of, or minimal 
chmcal signs, reduction or complete elimination of characteristic lung 
lesions as is known to those in the art. 

A desirable dose regimen involves the administration of one dose of 
the desired vaccine composition of this invention to confer active immunity. 
A booster dose is believed desirable whenever subsequent stress or exposure 
is likely. The mode of administration of the vaccines of the invention may 
be any suitable route which delivers the vaccine to the host. Presently, the 
vaccine is preferably administered subcutaneously or by intramuscular 
injection. 

The preferred freeze-dried vaccine is aseptically rehydrated with the 
adjuvant containing sterile diluent. The vaccine is administered to healthy 
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catde a minimxmi of 7-10 days prior to weaning, shipping, or exposure to 

stress or infectious conditions. 

The examples which follow illustrate preferred methods for preparing 

the vaccine of the invention and for preparing and testing a variety of 
5 vaccines. These examples are illustrative only and do not limit the scope of 

the present invention. 

A vaccine embodied by this invention has been commercially 

available in the United States since about 18 May 1992 and is known as 

One-ShotTM (trademark of SmithKUne Beecham Animal Health Exton 
10 PA). 



Deposit of Strains Useful in Practioing the Invention 

A deposit of biologically pure cultures of the following strain was 
made with the American Type Culture Collection, 12301 ParMawn Drive, 
Rockville, Maryland. The accession number indicated was assigned after 
successful viabiHty testing, and the requisite fees were paid. Access to said 
cultures will be available during pendency of the patent appUcation to one 
dertennined by the Commissioner to be entitled thereto under 37 CFR 1.14 
and 35 USC 122. AU restriction on availabiUty of said cultures to the pubKc 
will be irrevocably removed upon the granting of a patent based upon the 
appUcation. Moreover, the designated deposits will be maintained for a 
period of thirty (30) years from the date of deposit, or for five (5) years after 
the last request for the deposit; or for the enforceable life of the U.S. patent, 
whichever is longer. Should a culture become nonviable or be inadvertantly 
destroyed, or in the case of plasmid-containing strains, lose its plasmid, ii 
wiU be replaced with a viable culture(s) of the same taxonomic description. 

Deposit Date ATCCNo. 
Pasteurellahaemolytica Type A'l 9 April 1992 55318 
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Example 1 
Vaccine Preparation 

' «o, o^* ^^'^^y*'^" Type A-l (deposited 9 April 1992 ATCC Accession No 
55318) was grown ovenught at 37'C on brain heart infusion fBHI) agar' 
Subsequent passages were made in BHI broth in a series of Erlenmever 
flasks. 9 and 19 Hter carboys or seed fermentors. The final production 
med^ consists of RPMI 1640 tissue culture medium containing sodium 
10 bicarijonate (0.2% w/v). fortified with 3% heat inactivated bovine calf serum 
1% tryptose. and 0.1% Tween 80. Antifoam was included at 0.06% final 
concentration. The final fennentor was seeded with a 5% inoculum 
Clotures were grown for 4.5 hours at 37-C and the dissolved oxygen content 
of the culture was monitored and controlled by aeration to a level at 40% 
15 The culture was stirred continuously and was maintained at pH 7 4* 
Growth was stimulated by the addition of sterile 50% glucose at 2 5 3 25' 
and 4.0 hours post-inoculation. At 4.5 hours post-inoculation (at the late' 
loganthmic growth phase), the culture was chiUed to lO'C and inactivated 
with formahn. added to a final concenti-ation of 0.1% (v/v). Culture fluids 
20 were stirred in the fennentor for one hour, and then stored at 40C witii 
constant stirring for five days to complete inactivation. Inactivated fluids 
"^T '^^^^ supernatant retained. Sterile 10% Merthiolate 

and 10% Ethylenediaminetetraacetic Add (EDTA) were added as 
preservatives to final concentirations of 0.01% and 0.07%. respectively The 
>5 supernatant was stored at -50-C until it was tiiawed for assembly. ' " 

The supernatant was tiiawed. and based on results of quantitation 
assays, was assembled witi, tiie addition of sterile phosphate buffered 
saune. The assembled product was aliquoted into botties and lyophilized 
and stored at 4"C. H""«ea 

m ."^^ duo-phased adjuvant system consists of 5% v/v mineral 
oiWeatiun emulsion adjuvant sold under the tradename Amphigen<g) and 
12% v/v Aluminum Hydroxide gel, and saline (hereinafter "Adjuvant 
Diluent). The dual adjuvant diluent was bottied and was used to rehvdrate 
the freeze-dried vaccine. 
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The vacdne was tested in cattle ;x)r protective capabiUties by 
vaccination-challenge expeziments. 

A relative unit (RU) dose of 1496 per dose of leukotoxoid and 2580 of 
capsular antigen was assigned to the lyophilized bulk supernatant that was 
5 used to prepare the vaccine found to induce inununity in one dose to 
infection by P. haemolytica Type A-1 infection in bovine species as taught 
herein. 



10 



15 



2& 



Exwnple 2 
Pasteurella haemolytiea Bacterin-Toxoid 
. Sin^ Vaceiiiaticm - 
Dose Titration Stady 

Table 1 

One Dose Expeiimental Design 

Vawane Number of Vaccination Challenge Necropsy 
No. Animals 



1 
2 
3 
4 



5 


DayO 


Day 14 


Day 20 


5 




Day 14 


Day 20 


5 


DayO 


Day 14 


Day 20 


5 


DayO 


Day 14 


Day 20 



ChaUenge: P. haanolytiea A-1. heterologous strain, 2J2 x 109 cfu in 500 ml 
Cherry's Phosphate Buffered SaKne (CPBS). Intratracheal 
administration. 



Vaccines: 1. Diluted to 800 ^.TJ leuiiotoxoid and 1380 RU capsular 
antigen per dose with Adjuvant Diluent. 2 ml dose - 
intramuscular administration. 
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2. Diluted to 400 RU leukotoxoid and 690 RU capsular 
antigen per dose with Adjuvant Diluent. 2 ml dose - 
intramtiscular administration. 

3. Diluted to 200 RU leukotoxoid and 345 RU capsular 
^ antigen per dose with A(ijuvant Diluent. 2 ml dose - 

intramuscular administration. 
4 4. Hacebo (medium control). Diluted as vaccine #3 with 

Adjuvant Diluent. 2 ml dose - intramuscular administration. 



Table n 
Summary of Results 



Vaccine No. 


No. of 
Animals 


Mean Percent 

Lung 
Consolidation 


Percent 
Reduction in 

Lung 
Consolidation 


1 


5 


0.00 


100.00 


2 


5 


0.18 


99.30 


3 


5 


0.14 


99.50 


4 


5 


27.42 
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£zampie 3 
Pasteurelltt haemolytica Bacterin-Toxoid 
Tminiinogenicity Study 

Table III 
One Dose Eacpezixnental Design 

Vaccine ,^P-®{ Vaccination Challenge Necropsy 
Anunals 



lOM) 


20 


DayO 


Day 14 


Day 20 


KSC) 


2a 


DayO 


Day 14 


Day 20 


2 


10 


DayO 


Day 14 


Day 20 



10 Animals: 400 '550 lbs. beef cattle 

Challenge: P. haemolytica A-1, heterologotxs strain, 1.6 x 10^ cfii in 500 ml 
CFBS. Intratradieal administration. 

15 Vacdnes: 1. Diluted to 200 RU leukotoxoid and 345 RU capsular 
antigen per dose vdth Adjuvant Diluent. 2 ml dose - 
intramuscular (IM) or subcutaneous (SC) administration. 
2. Placebo (medium control). Diluted as Vaccine Wl with 
Adjuvant Diluent. 2 ml dose - intramuscular administration. 



4 
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Table IV 
Summary of Results 



Vaccine No. 



No. of 
Animals 



Mean Percent 

Lung 
Consolidation 



Percent 
Reduction in 

Lung 
Conaolidation 



lOM) 
KSC) 



20 



20 



1.46 



4.77 



94.20 



81.20 



10 



25.32 



Example 4 
Paateurella haemolytica Bacteiin-Toxoid 



10 



Vaccine 
No. 



Table V 
One Dose Experimental Design 

Aw^aie Vaccination Challenge Necropsy 



KIM) 



1 (SO 



10 



10 



10 



Day 0 Day 14 Day 18 
Day 0 Day 14 Day 18 
Day 0 Day 14 Day 18 



Animals: 400 • 550 lbs. beef cattle 

15 ChaDenge: P. haemolytica A-1, 5 ml of 2.5 x 1G9 cfWml. Bilateral 
transthoracic intrapulmonic injection. 
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Vacc.naB: 1. Rehydrated with adjuvant diluent. 2 ml dose - 
intramuflcular (IM) or subcutaneous CSC) administration. 
2, Placebo (medium control). Rehydrated with Adjuvant 
Diluent. 2 ml dose - subcutaneous administration. 

Table VI 
Summary of Restilts 

Vaccine No. No. of Percent •Mean Lung 

^ . , Lesion Score 

Animals Mortality 



lOM) 


10 


10.0 


8.6A 


I (SO 


10 


10.0 


8.5A 


2 


10 


8Q.0 


I8.1B 



* Difference-between A and B is statistically significant (p < 0.001) 

10 

Example 5 
Paateuretta Aoemo2y<icaBacterin*Toxoid 
Four Month Dnration of Imiimnity- Study 

15 Twenty beef calves weighing approximately 450 lbs. (204.5 kg) were 

selected for this Example, Ten beef calves (Group 1) were vaccinated 
subcutaneously with one 2 ml. dose of Pasteurella haemolytica Bacterin- 
Toxoid as described below. An additional ten calves (Group 2) were 
vaccinated subcutaneously with one 2 ml. dose of placebo containing all 

20 components of the Pasteurella haemolytica Bactexin-Toxoid except for P. 
haemolytica antigens and served as controls. Calves were challenged 
intratracheally at four months, seven days post-vacdnation with a 
heterologous strain of P. haemolytica. (Table VID Challenge inoculum 
consisted of a broth culture of P. haemolytica containing 1.2 x lO" colony 

25 forming imits (cfu) in 500 ml. of Cherry's Phosphate Buffered Saline 
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(CPBS). No animals succumbed to chaUen^e. Ambnals were necropsied six 
days post-challenge. 

Control animals exhibited a marked increase (statistically 
significant) in body temperature due to challenge for two days post- 
challenge while vaccinated animals showed an increase for one day post- 
challenge. Statistical analysis indicated a significant difference in mean 
body temperatures at two days post-challenge between vaccinates and 
controls. 

Serum from blood samples coUected fi-om each animal by 
venipuncture was tested for antibody titers to P. haenwlytica whole cells by 
an agglutination assay, to leukotoxin by a leukotoxin neutralization assay, 
and to capsular antigen by an Enzyme-Linked Immunosorbent Assay 
CEUSA). Samples were collected at pre-vacdnation. 4 months post- 
vaccination (pre-challenge) and six days post-challenge (at time of 
necropsy;. Geometric mean (GM) antibody titers were calculated for each 
test and results indicated that only GM antibody titers to capsular antigen 
were signifcantly higher in the vaccinated animals (Group 1) at 4 months 
post-vacdnation and 6 days post-chaUenge compared to pre-vacdnation 
titers. 

At necropsy, lungs were removed and evaluated for lesions 
characteristics of pneumonic pasteureUosis. (Table Vni) Lungs were scored 
by weighing aflfed»d areas and expressing the percent lung involvement as 
a percentage of the total weight of the lungs. In addition, lungs were scored 
by visual inspection induding drawings of affected areas. Vacdnated 
animals had a mean lung consolidation of 2.65% while control animals had 
a mean lung consolidation of 19.35% when evaluated on the basis of actual 
weight of affected lung tissue in relation to the weight of the entire lung. 
Visual scoring of affected lung tissue gave a mean lung consolidation of 
1.68% of vacdnated animals and 13.35% for control animals. These results 
showed an 86.3% reduction in lung lesions in Group 1 compared to Group 2 
on tiie basis of weight, and an 87.42% reduction when visual inspection was 
used. Statistical analysis showed the difference in lung consolidation 
between vacdnates and controls to be significant ip<0.05). 
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The subcutaneouB injection sites were carefully examined at necropsy 
and none of the animals in either group had any visible tissue reactions 
Microbial isolations were attempted from lesion-bearing areas of lung 
tissue, P. haemolytica was isolated from lung lesions of 4 of 10 vacdnates 
5 and 8 of 10 controls. 

Itese results have shown that this product is safe and efficacious up 
to four months foUowing administration of a single dose of vaccine 
\acanation of cattle with this product enhanced their resistance to 
challenge exposure. 



10 



15 



20 



Table Vn 

Four Month Duration of Immunity Study Experimental Design 

Vaccine No. No. of Vaccination Challenge Necropsy 

Animals 

^ DayO Day 130 Day 136 

(4 mos.. 7 days) 

^ I>ayO Day 130 Day 136 

(4 mos.. 7 days) 

Animals: Beef cattle, >600 lbs. 

Challenge: P. haemolytica A-1, heterologous strain. 1.2 x 107 cfu in 500 ml 
CFBS. Intratracheal administration. 

Vacdnes: 1. Pre-Hcensing serial #1 (Serial No. 24275010 about 305 Ru 
leukotoxoid and about 529 RU capsular antigen) rehydrated 
with accompanying AcSuvant Diluent 2 ml dose - 
subcutaneous administration. 

2. Placebo (medium control) rehydrated with accompanying 
Adjuvant Diluent. 2 ml dose - subcutaneous administratic 



ion. 
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Table VHI 
Summary of Restilts 

Vaccine No. No.of AnimalB * Mean Percent Percent 

Lung Heducrion in 

Consolidation Lung 

Consolidation 

^ 10 2.65A 86.3 

2 10 19.35^ 

* Difference between A and B is statistically significant (p=0.0l69) 

Example 6 
Paateurella haemolyticaBActexisi'Toxoid 
Onset of Inuannity Study 

Vaccine prepared as described in Example 1. [Leukotoxoid Potency - 
254 Relative Units/Dose (15 months natural aging). Capsular Antigen 
Potency = 758 Relative Units/Dose] 

Thirty beef calves with an average weight of 553 lbs. (251 kg) were 
selected for this Example. Ten calves (Group A) were vaccinated 
subcutaneously with one 2 ml. dose oT Pasteunlla haemolytica Bacterin- 
Toxoid seven days prior to challenge. Another ten calves (Group B> were 
vaccinated in the same manner with one 2 ml. dose of vaccine three days 
prior to challenge. An additional ten calves (Group C) were injected seven 
days prior to challenge via the subcutaneous route with one 2 ml. dose of 
placebo containing all components of the Pasteurella haemolytica Bacterin- 
Toxoid except for P. haemolytica antigens and served as controls. Calves 
were challenged intratracheally at seven days postrvacdnation (Groups A 
and C) or three days post-vaccination (Group B) with a heterologous strain 
of P. haemolytica. Challenge inoculum consisted of a broth culture of P. 
haemolytica containing 3.0 x 108 colony forming units (cfu) in 500 ml. of 
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30 



Cherry's Phosphate Buffered Saline (CPBS). One animal in Group B and 
one in Group C succumbed to chaUenge and were necropsied as soon as 
possible. AU other animals were necropsied six days post-challenge. 

Pre-challenge body temperatures of two-thirds of the animals were 
40-C. so no marked increase in body temperature due to challenge was 
exhibited at any time post-challenge in any of the groups. 

Serum from blood samples collected from each animal by 
venipuncture was tested for antibody titers to P. haemolytica whole ceUs by 
an ag^utination assay, to leukotcndn by a leukotoxin neutralization assay, 
and to capsular antigen by an Emyme-Ianked Immunosorbent Assay 
(EUSA). Samples were coUected at pre-vacdnation, seven days post- 
vacdnation (Groups A and C) and three days post-vacdnation (Group B). 
which was immediately prior to chaUenge, and six days post-chaUenge (at 
time of necropsy). Geometric mean (GM) antibody titers were calculated for 
eadi test and results indicated that a significant reponse to all three 
antigens was obtained in Group A animals at seven days postvacdnation 
and no such response was observed in Group B animals at three days post- 
vacdnation or in Group C animals at seven days after placebo 
administration. 

At necropsy, lungs were removed and evaluated for lesions 
characteristics of pneumonic pasteurellosis. Lungs were scored bv weighing 
aflfected areas and expressing the percent lung involvement as a percentage 
of the total weight of the lungs. In addition, lungs were scored by visual 
inspection induding drawings of affected areas. Animals vacdnated seven 
days prior to challenge had a mean lung consoHdation of 12.7%, those 
vacdnated three days prior to challenge had a mean lung consoUdation of 
36.1%. while control animals had a mean lung consoUdation of 26.6% when 
evaluated on the basis of actual weight of affected lung tissue in relation to 
the weight of the entire lung. Visual scoring of affected lung tissue gave a 
mean lung consoUdation of 8.6% for seven-day vaccinates, 28.7% for three- 
day vaccinates, and 17.8% for placebo controls. These results showed a 
52.3% reduction in lung lesions in Group A compared to Group C on the 
basis of weight, and a 51.7% reduction when visual inspection was used. 
Statistical analysis showed the difference m lung consoUdation between 
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Group A and Group B to be signincant (p<0.05). but not between Groups A 
and C. No reduction in lung lesions was observed when comparing three- 
day vaccinates with placebo controls. 

The subcutaneous injection sites were carefully examined at 
necropsy. Approximately 50% of the animals in all three groups had some 
evidence of tissue reactions at the injection site. Microbial isolations were 
attempted from lesion-bearing areas of lung tissue. P. haemolytica was 
isolated from hmg lesions of 6 of 10 seven-day vacdnatea, 8 of 10 three-day 
vaccinates, and 7 of 10 placebo controls. 

These results have shown that this product, when administered in a 
single dose, is able to reduce lung damage when animals are challenged 
seven days post-vacdnation. but not at three days post-vacdnation. 
Vaccination of cattle with this product seven days prior to chaUenge 
enhanced their resistance to challenge exposure. 



Condusion 

All studies confirmed the safety of the vacdne. No untoward 
reactions were observed. Safety was also proved in the administration of 
20 three different serials of the vacdne to over 3.000 animals under field 
conditions. Testing resulted in localized reactions in 3.5% of those 
vacdnated, with many of those being transient. Few other reactions were 
observed. 

An antigen extinction study was undertaken to determine a 
25 nonprotective dosage level of the vaccine. The study was successfiil 

indicating a definite relationship between protection and quantity of 

antigens in the vaccine. 

Analysis of the results presented in the studies revealed that this 

vaccine is efficadous and safe. Vaccination of cattle with this product 
30 (either by intramuscular or subcutaneous routes) enhanced their resistance 

to challenge exposure. This was reflected by a significant redxiction in the 

extent of Itmg lesions observed with vaccinates compared to control animals. 

The experimental challenge models employed in these studies leading to the 

development and testing of this vacdne were severe enough, that under 
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natural conditions, the probability of as. animal being ezpoBed to such a 
level of challenge is remote. It is, therefore, safe to conclude that this 
vaccine should perform even better under field conditions. It is further 
intended to use this vaccine as a component of one or more multivalent 
vaccines containing viral and bacterial components, such as vaccines for 
bovine respiratory disease complex. 
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ClaunB: 



5 



1. A bacterm-toxoid vaccine capable of inducing immunity in bovine 
speaea m one dose against PasteureUa haemolytica Type A-1 infection 
comprising a therapeutically effective amount of PasteureUa haemohtica 
Type A-l leukotoxoid. capsular antigen, soluble antigens and inactivated 



,n ^\ ^""^^^ ^ "^^"^ leukotoxoid. capsular antigen. 

10 soluble antigens and inactivated PasteureUa haemolytica are derived from 
strain ATCC No. 55318 . 

3. The vaccine of claim 1 further comprising a therapeutically effective 
amount of one or more additional antigens of pathogens of bovine 

15 respiratory diseases. 

4. The vaccine of daim 1 wherein the vaccine is freeze-dried and 
rehydrated prior to use with at least one acUuvant. 

2» 5. The vaccine of daim 4 further comprising two adjuvants. 

6. The vacdne of daim 5 wherein the adjuvants comprise 12% v/v 
almmnum hydroxide gel and Amphigen®. 

^ T. The vacdne of Claim 1 wherein the duration of immunitv is about 
four months. 

8. A method of making a bacterin-toxoid vacdne capable of indudng 
ramumty in bovine spedes in one dose against PasteureUa haemolytica 
'0 Type A-l infection comprising a therapeutically effective amount of 
PasteureUa haemolytica Type A-l leukotoxoid. capsular antigen, soluble 
antigens and inactivated cells comprising the steps of: cultuiing 
PasteureUa haemolytica Type A-l for a time suffident for said P 
haemolytica to readi the late logarithmic phase of growth; inactivating the 
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P. haemolytica culture; harvestixig the culture supernatant comprising 
leukotoxoid, capsular antigen, soluble antigens and inactivated P. 
haemolytica cells. 



5 9. The method of claim 8 wherein the P. haemolytica is strain ATCC No 
55318. 

10. The method of daim 8 wherein said time sufficient for said P. 
haemolytica to reach the late logarithmic phase of growth is about 2.5 to 6 
10 hours. 



11. The method of daim 8 wherein the P. haemolytica culture is 
inactivated with fonnalin. 

15 12. The method of daim 8 wherein the supernatant is harvested by 
centrifiigation. 

13. The method of daim 8 wherein the P. haemolytica is cultured in a 
protran fintified cell culture medium. 



20 



14. The method of daun 13 wherein the ceD culture medium comprises 
EPMI-1640 and about 3% bovine calf serum, about 1% Tryptose and .1% 
Tween 80. 



25 15. 



A vaccine produced by the method of daim 8. 



16. The vaccine of daim 15 wherein the vaccine is freeze-dried and is 
reconstituted prior to use with at least one adjuvant. 

30 17. The vaccine of daim 16 further comprising two adjuvants. 



18. The vaccine of daim 17 wherein the vaccine comprises the adjuvants 
12% v/v aluminum hydroxide gel and Amphigen®. 
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19. A method of vacdnatinEr bovine ammala comprising administ ising to 
said animals a bacterin-toxoid vaccine of claim 1 or 15. 

20. The method of claim 19 wherein said administration is intramuscular 
5 or subcutaneous. 

21. The method of claim 19 wherein the vaccine is in freeze-dried fonn 
and is reconstituted prior to use with at least one a4juvant. 

10 22. The method ofdaim 21 wherein the vaccine comprises two acUuvants. 

23. The method of claim 19 wherein the adjuvants are 12% v/v aluminum 
hydroxide gel and Amphigen®. 

15 24. A biologically pure culture of Pasteurella haemoiytica having all the 
identifying characteristics of ATCC No. 55318. 
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